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Sediment is a leading contributor to nonpoint source (NPS) pollution in streams
and rivers. Sources and sinks of sediment movement were identified for a 121-hectare
watershed located in Webster County, Mississippi in order to evaluate the impact of
forest harvesting on water quality and sedimentation rates. In a completely randomized
design containing three replications of two treatments (unharvested vs. harvested) and
two slopes (≤9% vs. >9%), twelve sub-watersheds were randomly selected for intensive
measurement of the sources and sinks of sediment after precipitation events. In-stream,
bank and forest road sediment movement were also monitored pre- and post-harvest.
Total suspended sediment (TSS) in runoff from forest roads ranged from 36-188 g/L with
a consistent trend of decreasing sediment concentrations with increasing distance from
the road. Within the watershed, erosional processes dominated however there was little
net change in soil elevation one year post-harvest.
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CHAPTER I
INTRODUCTION

Problem Statement
Soil erosion and sedimentation are capable of causing common and often severe
environmental impacts (Reid and Trustrum 2002). Sediment is a leading contributor to
nonpoint source (NPS) pollution in streams and rivers. The eventual sedimentation in
streams and rivers is capable of causing serious threats to the aquatic community and
degrades water quality. Many factors contribute to an increased sediment load including
land use activities such as agriculture, forestry timber harvesting, and urban development.
In the U.S., there are major concerns about how these human activities affect soil erosion,
and the affect on the nation’s water quality as a result (Grace 2002a). Sediment transport
from nonpoint sources resulting from forest management activities has received special
attention, and efforts have been made to minimize its impact on soil erosion and water
quality.
Forestry Best Management Practices (BMPs) were introduced as a voluntary
approach to address water quality issues during silvicultural operations. An example of a
BMP is a streamside management zone (SMZ), which is a vegetative buffer designed for
controlling nonpoint source pollutants by minimizing the amount of sediment transport
into streams. Thinning, harvesting, road construction and maintenance, and site
preparation are all forest management activities that can affect the forest soil and water
(Grace 2002b).
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In order to assess the effect of land use practices, sources of sediment transport
must be identified. In turn, knowledge of the existing sources and amounts of sediment
production should be considered for land use management decisions (Lewis 2002).
Sediment sources in a watershed may be quantified by addressing different features in the
landscape.

Justification
Studies have been conducted in which the effectiveness of SMZs were monitored,
but only for the portion of the watershed that was directly affected by harvesting
operations (Wallbrink and Croke 2002, Rivenbark and Jackson 2004). Another study
evaluated the effect of changes in land use on sediment transport (Kuhnle et al. 1996), but
did not incorporate sediment sources and sinks on a landscape-scale for identifying
relative differences in natural sediment processes versus accelerated erosion rates from
harvesting operations. The purpose of this study is to monitor sediment movement on a
watershed-scale both pre- and post-harvest, from the headwater to the point just below
where the main stream exits the harvested tract. The data collected will be used to
determine the relative contribution of logging to increased sediment loads versus natural
erosion processes.

Objectives
This study investigated the sediment movement for a 121-hectare watershed and
identified sediment sources and sinks in the landscape. The amount of sediment
movement in natural conditions was compared to sediment movement following a timber
harvesting operation. The purpose of this study is to determine sources and sinks of
sediment movement from pre- and post-timber harvesting in multiple ephemeral areas
and tributaries within the watershed. Specific objectives of this study are: a) determine
2

land use history, soil characteristics, and sediment movement within the watershed; b)
compare sediment transport pre- and post-harvesting; c) evaluate and determine the
sediment transport in the watershed.

Expectations
The inherent variability associated with frequent measurements following every
precipitation event may influence the precision of the data; however, the anticipated
variability is accepted compared to the ability to detect erosion volumes associated with
major precipitation events. Once the timber harvesting activities begin, there will be
more sediment transport on the harvested watershed until vegetation is reestablished.
There will also be more sediment movement during site preparation the following year.

Limitations
Interpreting the variation in soil erosion when the soil surface is changed after
several rainfalls becomes important when determining sediment erosion based on
precipitation events (Huang 1998). The variability in precipitation duration, intensity,
and frequency will make analysis of the results challenging. However, direct
comparisons of sediment movement versus precipitation duration and/or intensity will
provide information on how the different rain storms affect the watershed as a whole as
well as how the harvested versus unharvested sections of the watershed respond to
subsequent precipitation events.
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CHAPTER II
LITERATURE REVIEW

Nonpoint Source Pollution
Nonpoint source (NPS) pollution is emitted from an unidentifiable source or
location. It has been recognized as a problem for many years and has been legally
addressed by the government since 1972 under the Water Pollution Control Act
amendments in order to reduce NPS pollution (Douglas 1975, EPA 1980, Lickwar et al.
1990). NPS contributions may comprise chemicals contained in runoff, sediment, or
particulates. Sediment is a major NPS pollutant within the streams and rivers of the
South (Grace 2005). Many watersheds have intertwined land use categories making it
difficult to locate, measure, and control nonpoint sources (Grace 2005). Some of the
areas in which NPS pollution has been a noticeable problem are agriculture, urban
developments, and silvicultural operations (Hutchens et al. 2004).

Sediment and Soil Erosion
Sediment is the product of soil erosion where loose soil particles of sand, clay, or
silt are disrupted, dislodged and transported by water, wind, gravity or glaciers and
eventually settle at the bottom of a body of water, where they are deposited (Brooks et al.
2003). Climate, soil characteristics, topography, and ground cover/vegetation are
considered to be major factors that can affect rates of soil erosion (Ward and Elliot 1995,
Brooks et al. 2003).
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Climate factors affecting soil erosion include precipitation, temperature, humidity,
solar radiation and wind (Ward and Elliot 1995). Soil water content can be reduced by
evaporation and transpiration processes, which are affected by temperature, solar
radiation, humidity, and wind. Reduction in soil water content can decrease surface
runoff and soil erosion (Ward and Elliot 1995). Soil frost affects infiltration rates
depending on the moisture content of the soil. Fluxes in soil temperature also can
influence soil erosion by continuous freezing and thawing, which weakens soil strength
and erosion resistance from the reduced cohesion of soil particles.
Water contributes to soil erosion by the detachment of soil due to raindrop impact
and surface runoff energies, with transport of sediment by concentrated runoff flow to
eventual deposition (Shainberg et al. 1992, Zhu et al. 1995, Brooks et al. 2003, Croke
2004). Precipitation characteristics can have an affect on infiltration, soil detachment,
runoff, and transport of sediment and chemicals (Frauenfeld and Truman 2004). Rainfall
intensity is the amount of energy transmitted to the soil surface during a storm, and can
influence soil erosion by affecting runoff rates (Onstad and Moldenhauer 1975,
Frauenfeld and Truman 2004). Raindrop impact can cause soil structure to deteriorate by
breaking down soil aggregates (Brooks et al. 2003). Soil aggregate stability is an
important factor when including raindrop impact, because if soil aggregates break down
when struck by water, released soil particles can cause problems such as clogging macropores and sealing the surface of the soil. This reduces water infiltration and inhibits plant
emergence (Muckel and Mausbach 1996, Gabet and Dunne 2003).
The natural topography of the land can influence soil erosion depending on the
steepness, length, and shape of the slope (Ward and Elliot 1995). Steeper slopes result in
higher soil losses, due to surface runoff gaining momentum from the steep slope, which
in turn increases the ability of runoff to dislodge and transport detached sediment (Ward
and Elliot 1995, Brooks et al. 2003, Jackson et al. 2004). Longer slopes initially allow
5

acceleration in soil loss per unit length but then move toward a constant rate (Brooks et
al. 2003). Shape of the slope can also potentially influence the amount of erosion.
Concave slopes are less steep at the toe of the slope, resulting in less soil loss than convex
slopes (Ward and Elliot 1995). Slope impact on soil erosion also largely depends on soil
erodibility, geology, and surface roughness (Shainberg et al. 1992, Brooks et al. 2003,
Jackson et al. 2004).
Ground cover and vegetation provide important protection to soil from erosive
factors. Vegetative canopy protects the soil by interception of precipitation which
disperses raindrop energy, and through transpiration, increases soil water holding
capacity (Grace 2002b, Brooks et al. 2003). Leaf litter and debris from vegetation not
only protect the mineral soil surface, but also contribute organic debris and can aid in
decreasing the velocity of surface runoff and increase infiltration. Roots act in stabilizing
soil, reducing soil mass movement and soil erosion (Brooks et al. 2003, Schoenholtz
2004). Therefore, removal of the protective vegetation and ground cover can facilitate
with increased rates of erosion.
There are different types of erosion caused by water, and the degree of soil
erosion can differ depending on the intensity of the runoff. Erosion occurring in upland
watersheds includes surface erosion (interrill and rill erosion), gully erosion, and soil
mass movement. Interrill erosion (or sheet erosion) is primarily caused by raindrop
splash, but shallow overland flow can also contribute to soil particle detachment in
interrill areas (Ward and Elliot 1995, Gabet and Dunne 2003). Rill erosion occurs when
runoff water accumulates in specific areas causing additional soil erosion, making small
cuts into the soil (Zhu et al. 1995). These tiny rills can be the foundation for the
formation of gullies. Gully erosion takes place when runoff is intense enough to cut into
channel boundaries (Kirkby and Chorley 1967). The presence of gullies is a warning
sign of rapid soil erosion and considered to be due to poor land management (Chiras
6

2001, Brooks et al. 2003). Concentrated flow breakthroughs start developing in areas
with disturbed ground, such as roads, waterbars, skid trails, steep slopes, and merging
topography (Rivenbark and Jackson 2004). A good predictor of breakthroughs is the
combined use of litter coverage, slope, and contributing acreage, but these are not very
good predictors when being used separately (Rivenbark and Jackson 2004). Soil mass
movement is the displacement of cohesive masses of soil by force of gravity and
therefore is more prevalent in steep, mountainous terrain found in humid zones (Brooks
et al. 2003). Soil mass movement varies from slow movement such as soil creep to rapid
movement like landslides (Brooks et al. 2003).

Potential Impacts on Water Quality
Surface erosion, soil mass movement, gully erosion, channel scour, and stream
bank erosion all contribute to the production of sediment in stream channels (Brooks et
al. 2003). Large sediment loads deposited in water bodies have an effect on water quality
as well as aquatic health. Eroded sediment has the ability to transport nutrients and
pesticides, which have a negative influence on water quality and aquatic life (Grace
2002a, Brooks et al. 2003). Excessive sediment loads deposited in streams can also
impact stream channel morphology (Brooks et al. 2003). The closer the aquatic
ecosystem is to the source of sediment the greater the impact of sediment load on water
quality (Clinton and Vose 2003).

Land Use
Land use and land cover are considered to be the main factors influencing soil
erosion (Hill and Peart 1998). In order to make educated decisions on how to manage a
watershed, it is important to know the different effects that land use has on the transport
of sediments within the watershed and evaluate the impact it may have on the water
7

system (Kuhnle et al. 1996). Both forestry and agriculture operations affect soil. Some
common occurrences include soil compaction, reduced soil infiltration, soil aggregation,
reduced organic material, and sediment deposition (Muckel and Mausbach 1996). The
use of heavy machinery during forestry and agricultural operations can increase soil
compaction, reducing soil infiltration rates due to reduced pore space. The reduction of
organic debris varies between forest and agricultural operations. Both forest and
agricultural operations can cause a reduction in organic debris; however a large amount
of organic debris removed due to timber harvesting is usually replaced within a few years
after harvesting. By contrast, continuous agricultural operations disturb the soil and
minimize the amount of organic debris on top of the soil for extended periods.
Land management activities can also affect water quality. Surface water quality
can be potentially affected by land management activities near streams; for example the
removal of riparian vegetation can cause thermal pollution or an increase of detrital
organic matter and nutrient loads can cause reduced dissolved oxygen levels due (Brooks
et al. 2003, Carroll et al. 2004).
Agricultural and urban areas are commonly recognized as producing more
sediment than forested areas. However, sediment is still considered to be one of the
“greatest risk[s] to water quality” following forest harvesting operations (Marion et al.
1997, Grace 2005). The severity of soil erosion and sedimentation relates to the degree
of soil disturbance from forest management operations (Grace 2002a, McBroom et al.
2007). Forest harvesting and thinning as well as various site preparation procedures can
involve heavy machinery which may increase soil compaction, and disturb the forest
floor and understory vegetation. These forest management activities tend to have the
most significant impact on soil erosion during the first six to twelve months after
activities. However, Carr (1990) found a low percentage of depression deposits in the
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skid trail areas suggesting that only small amounts of sediment are transported by runoff
for long distances after harvesting.
The majority of sedimentation within forest watersheds is primarily due to surface
erosion and mass failure from roads (Elliot et al. 1999). Forest roads are credited as
being one of the major sources of sediment transport and the most detrimental to soil
erosion and water quality in forested watersheds (Grace 2002b, Grace 2005). Surface
runoff from forest roads is a function of the infiltration capacity of the soil and the
intensity of rainfall (Skaugset et al. 2007). Van Lear et al. (1995) estimated that over
80% of the sediment in the Chattooga River is sourced to unpaved roads. Factors that
contribute to potentially increasing erosion from forest roads include compaction,
interception of subsurface flow, disruption of soil structure, concentrated flow in ditches,
surface cover removal, and increased slopes (Grace 2002a). Forested watershed
topography, as well as the forest floor sediment trapping characteristics, can impact the
deposition and infiltration of runoff of suspended sediments from roads (Grace 2005).

Best Management Practices
In order to protect water quality and help achieve the Clean Water Act goals, Best
Management Practices (BMPs) for forestry operations have been developed (Mississippi
Forestry Commission 2008). BMPs were implemented for many forest activities
including site preparation and management, timber harvesting, forest roads, and stream
crossings. One important component of BMPs is the Streamside Management Zone
(SMZ), which is a vegetative filter adjacent to a stream (Carroll et al. 2004). SMZs, also
referred to as riparian buffers or vegetative buffers, are used as protective filters for
streams in many different land use practices, including agriculture and forestry. Their
purpose is to prevent sediment and nutrients from entering streams (Keim and
Schoenholtz 1999). SMZs provide shade, bank stability, wildlife habitat, filtration of
9

pollutants, and also supply streams with organic matter and woody debris (Rivenbark and
Jackson 2004). SMZ effectiveness is affected by topography of the land as well as
hydrology and soil components (Comerford et al. 1992).
To reduce sediment translocation on forest roads, practices of diverting runoff
from the forest road surface and into the forests is common (Elliot et al. 1999). Wing
ditches are common BMP structures for forest roads. They are typically installed at
appropriate intervals along forested roads to disperse water collected from roadside
ditches, reducing the surface runoff energy and minimizing flow concentration (Grace
2002a).
Other forestry BMPs that are often used include careful planning and installing of
skid trails, pause in logging activities during excessively wet periods, and implementing
appropriate uses of erosion control techniques for all forestry operations (Lynch and
Corbett 1990, Whitehurst 2003). Forestry BMPs are measures taken to provide
protection of water quality, minimize impact on the environment, and ensure
sustainability of our forests.

10

CHAPTER III
METHODOLOGY

Site Description
The study site was located near Bellefontaine in Webster County, Mississippi
(Latitude: 33.7149°, Longitude: -89.2971°) (Figure 3.1) in a watershed locally known as
“Booger Den”. The majority of the watershed is owned and managed by Weyerhaeuser
Co. This site was selected for study because of its size, topography, network of
ephemeral areas, and harvesting plans. The majority of Webster County is located within
the Sand-Clay Hills subsection of the Hilly Coastal Plain province of Mississippi
(McMullen and Ford 1978). The landscape is hilly and dissected by numerous
intermittent streams. Altitude ranges from 188 meters above sea level near the study area
to 70 meters above sea level near the northwestern county line (McMullen and Ford
1978). Rainfall averages 1,119 mm/year; mean monthly rainfall for summer and winter
are 87 mm/month and 116 mm/month, respectively (Carroll et al. 2004). Mean summer
and winter temperatures are 26oC and 7 oC, respectively (Owenby and Ezell 1992).
Soils are of the Sweatman-Providence association (Typic Hapludults, fine, mixed,
semiactive, thermic; Oxyaquic Fragiudalfs, fine-silty, mixed, active, thermic) and are
typically clay dominated with sandy loam or clay loam in the A-horizon (Hodgkins et al.
1979). The Sweatman-Providence association is described as deep, hilly terrain with
well- to moderately-well drained soils with both silty and clayey subsoil according to the
Soil Survey of Webster County, Mississippi (McMullen and Ford 1978). Soil survey
maps indicate that the watershed contains Oaklimeter silt loam (OSL) (Fluvaquentic
11

Webster

Figure 3.1 Map of Webster County in Mississippi where study site was located.
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Dystrudepts, coarse-silty, mixed, active, thermic), and Sweatman-Providence association
(SWE) (McMullen and Ford 1978).
The OSL soil is located at the main confluence of the watershed, where east and
west branches meet. This soil is normally found in floodplains. It is deep and
moderately well drained, and typically found on sites with zero to two percent slopes. It
is a strongly to very strongly acidic soil, with a high available water capacity and
moderate permeability. The OSL soil has a deep root zone, which is easily penetrated by
roots. Limitations of this soil are wetness and flood hazards, with no major limitations in
woodland suitability and capability. (McMullen and Ford 1978)
The remainder of the watershed consists of the SWE soil, which occupies the
majority of the watershed. This soil type is found on hilly to strongly sloping side slopes,
which are 12 to 35 percent, having moderately well to well drained soil that is mainly
found in the uplands. It ranges from moderate to very strongly acid soil. It has a
medium to high available water capacity, with moderate permeability in the upper
subsoil, and moderately low permeability in the fragipan. The soil has a moderately high
potential for timber growth, but has limitations that are slight to moderate for woodland
use and management. (McMullen and Ford 1978)
The primary land use in Webster County has historically been agricultural, but it
also has minor industrial and residential components. Cotton, timber and soybeans were
the most common crops; other land uses included dairying, beef cattle, and timber
products (McMullen and Ford 1978). Increasing pressure on this region as a timber
resource has resulted in forest harvesting of approximately 5% of the land base annually
(Carroll et al. 2004).
The study area consists of 12 ephemeral-intermittent stream channels within a
121-ha watershed. Forest cover consists primarily of planted loblolly pine on the slopes
and mixed pine-hardwood stands along the stream channels. The study site was selected
13

due to the presence of an interconnected system of ephemeral, intermittent, and perennial
stream channels within a limited areal extent in an existing loblolly pine plantation.
Approximately half of the area was scheduled for future harvest, allowing for beforeafter-control-impact (BACI) comparisons.

Treatments
Twelve ephemeral stream channels to be monitored for sediment transport were
randomly selected from 27 sub-watersheds within the 121-ha main watershed (Figure
3.2). Six sub-watersheds were maintained as unharvested controls, and six subwatersheds were scheduled for harvest during the fall of 2005. Within each treatment
(control or harvest), ephemeral areas were further subdivided into two categories: three
areas containing slopes ≤9% and three areas containing slopes >9%. One year of preharvest data was collected from November 2004-October 2005 to obtain baseline data for
the natural system. Timber harvesting operations began in late October 2005. By early
November 2005, approximately 48.56 ha had been harvested. Post-harvest sampling and
data collection began in November 2005.

Sampling Methodology
The goal was to document sediment movement on a watershed scale, multiple
methods were used to track sediment entering the watershed, natural erosion within the
watershed, sediment movement within the watershed, and sediment leaving the
watershed.
Sediment entering the watershed from roads was documented using a
combination of instruments. Wing ditches were installed along the roads direct the flow
of water off the roads and into the watershed to reduce the creation of gullies. Twenty
wing ditches were randomly selected (nine from the unharvested area and eleven from
14
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Figure 3.2 Detailed view of Booger Den watershed and monitoring locations.
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the harvested area) to monitor the amount of sediment moving into and within the wing
ditch after precipitation events. The movement of sediment in the twenty wing ditches
was monitored using two different methods. Flumes, each with a 1,000 ml bottle for
collecting runoff from precipitation events, were installed in the concentrated flow path
of the wing ditches in order to determine the amount of sediment movement after a
precipitation event (Figure 3.3). Three flumes and bottles were installed at predetermined
distances from the intersection of the road and wing ditch, and were identified as bottle
A, B, or C based on distance. Exact bottle location varied depending on the wing ditch
length and the concentrated flow path, so that the spacing between bottles would be
proportionally the same for each wing ditch. The location of the first bottle (bottle A)
was 1.82 – 3.65 meters from the road, and the second bottle (bottle B) was 3.04 – 6.09
meters from the road, and the last bottle (bottle C) was 4.57 – 9.14 meters from the road.
Each bottle had a racquet ball inside that would float and seal the bottle once full with the
first 1,000 ml of surface runoff from precipitation events. This would prevent any
additional sediment or water from entering the bottle. Bottles were replaced after
precipitation events to collect runoff for the next precipitation event. Full bottles were
transported to the laboratory for drying and weighing to determine sediment
concentration in g/L.
Transects of PVC stakes were used to determine the amount of sediment entering
the watershed from the roads and the rate of movement of the sediment within the twenty
wing ditches by measuring changes in forest floor elevations. The stakes consisted of
PVC pipe driven into the ground with approximately 60 cm remaining above ground.
Each wing ditch had four transects. Due to the fan shape pattern of sediment deposition,
the first transect had three stakes, and an additional stake was added to each transect
below, yielding in a total of eighteen stakes per wing ditch (Figure 3.3). The spacing
between stakes and transects was determined based on the shape and size of the wing
16
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ditch. All stakes had an arrow marked on one side in order to ensure consistent
measurements in the field, and all arrows were pointed toward the concentrated flow
path. When measuring, a meter stick was aligned with the arrow and the transect, with
the meter stick resting on the bare soil surface. Distance from the soil surface to the top
of the PVC pipe was measured in centimeters as a datum. Measurements were collected
on an intermittent basis after precipitation events.
Sediment transport within the watershed was tracked in both upland and lowland
areas for each of the 12 ephemeral areas. Upland areas were monitored for sediment
movement using transects of nine PVC stakes which were driven into the ground with
approximately 60 cm remaining above ground. The spacing between stakes within a
transect was 2.4 meters. The number of transects for each upland area was based on the
topography of the sub-watershed and whether there were additional ephemeral channels
joining to the monitored ephemeral channel. If a channel did join below the upland area,
another transect was added. The majority of upland areas had seven transects. However,
there were two areas which had eight transects, and one upland area required thirteen
transects due to a fork in the ephemeral channel. The spacing between transects was
based on the slope of the sub-watershed using the horizontal shoulder/arm method. To
use this method, the first transect of stakes would already be installed at the top of the
upland area. The horizontal shoulder/arm method is then performed by a person, whose
height was consistent among all personnel in the field, positioned below the first transect,
standing upright with their feet placed in the ephemeral channel and their right arm
extended at a 90 degrees angle in front of them with the palm flat and face down so that
the tip of the fingers are used as a sighting device. When the tip of the fingers point to
the base of the first transect in the channel, the placement of the person’s feet is where the
next transect is to be installed. Transects were closer on steeper slopes and further apart
on gentle slopes. The middle (fifth) stake within each transect was always placed in the
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ephemeral channel; transects were oriented perpendicular to the channel. All stakes had a
line arrow and were pointed toward the ephemeral channel, with exception of a few
“unusual” stakes which had exposed root(s), rotting log, or a natural disturbance causing
inaccuracy in the measurement when facing the channel. These “unusual” stakes were
recorded by position and the reason noted for the change of arrow direction. The upland
stakes were measured using the same technique as the wing ditch stakes, unless otherwise
noted. Measurements were recorded in centimeters to determine loss or gain of sediment
as reflected by the changes in forest floor elevations within the upland areas, and
collected on an intermittent basis after precipitation events.
The lowland areas also had transects, but the number of stakes on each transect
depended on the topography, landscape, and high-water-marks for the area. The number
of transects depended on the length of the alluvial fan for the particular sub-watershed.
Spacing between transects varied from one to three meters depending on the uniformity
of the lowland area. Transects were installed at the base of hillslopes, beginning where
there was an abrupt decrease in slope and ending where the slope leveled off; this is
where we expected runoff to decrease and sediment to drop out of suspension. The
spacing between stakes on a transect was either 0.5 meters or 1.0 meters depending on
the uniformity of the lowland area. All the lowland stakes had a line arrow marked on
one side (as before) to reduce measurement errors. The arrows on the stakes were all
turned to face the left side when looking upstream; therefore, all measurements were
taken in the same direction, with exception of a few “unusual” stakes which were
oriented differently due to obstructions. These “unusual” stakes were recorded as before.
The lowland stakes were measured with a meter stick using the same method as the wing
ditch and upland stakes, described above. The purpose of monitoring the lowland stakes
was to determine how much sediment was being transported and deposited from the
upland area to the lowland area after precipitation events on an intermittent basis.
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Cross-sectional area measurements were taken to determine the amount of soil
moving within the sub-watershed between the upland and lowland areas for each of the
12 ephemeral areas. The cross-sectional area measurements started at 20.12 meters
below the last transect in the upland area and continued until reaching the lowland area.
Two PVC stakes were installed, one on either side of the main channel at the highestwater-mark. A measuring tape was stretched between the stakes and a height pole was
used to measure the distance in centimeters from the soil surface to the suspended
measuring tape at three meter intervals. Measurements were taken annually (before
harvesting and 8.5 months after harvesting). However, due to circumstances unrelated to
the study, only two out of the twelve sub-watershed cross-sectional areas were measured
during the final compilation.
In-stream sediment movement was monitored using three different techniques:
bank erosion pins, in-stream tiles, and ISCO samplers. Bank erosion pins (transects of
rebar) were installed into the stream banks along the channel sides and steep slopes in
order to monitor any active headcutting within the watershed. The location of installation
was based on a size scale requirement that was implemented for consistency and relative
size. To qualify for headcutting monitoring, the stream bank must have been twice the
height of the opposite stream bank and must have shown signs of sediment movement.
Six pieces of rebar were installed at a right angle to the slope face in each active
headcutting section, leaving a minimum of 25 centimeters exposed for measuring. Each
monitored area had a top and bottom transect, with three bank pins each, giving a total of
six bank pins for each monitored bank erosion area. The distance between the transects
and the pins depended on the size of the headcutting erosion area. Measurements for
erosion pins were taken in centimeters by placing a meter stick perpendicular to the rebar
while touching bare soil. Measurements were collected on an intermittent basis after
precipitation events.
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In-stream tiles were installed in the perennial streams within the watershed in
order to monitor the sediment movement in the watershed. One ceramic tile was placed
every 20.12 meters going up stream from the confluence of the east and west branches.
Each tile was placed in the stream so that it was level and secure. Two PVC stakes were
installed, one on each side of the stream, which aided in finding the tiles in the stream.
The measurement was taken from the center of the tile with the meter stick placed on top
of the tile. The reading for the measurement was taken based on the depth of the
sediment on top of the tile and recorded in centimeters. If the tile had a thin layer of
sediment, which was not thick enough to measure, it didn’t enter into the analysis.
Measurements for in-stream tiles were taken after precipitation events on an intermittent
basis.
The level and flow rate of the perennial stream was monitored using ISCO 4230
bubble flow meters, which were installed in three locations: the west branch representing
the unharvested area, the east branch representing the harvested area, and the confluence
of the east and west branches. The ISCO bubble flow meter at the confluence of the east
and west branches also had an ISCO 674 rain gauge attached to it to monitor
precipitation. Each flow meter was programmed to enable an ISCO 2900 sampler to take
in-stream water samples when there was a rise of 6 cm in the water level of the stream or
during the occurrence of a precipitation intensity of 6.35 mm over 15 min for the
confluence of the east and west branches location. Once the sampler had collected
samples, the bottles were replaced. The collected sample bottles were returned to the
laboratory for drying and weighing to determine the amount of total suspended sediment
(TSS) traveling within the perennial streams during increased water flow. The data
stored on the ISCO 4230 bubble flow meter was downloaded either on-site with a laptop
computer or with an ISCO 581 Rapid Transfer Device (RTD) which was transported
back to the laboratory and uploaded into ISCO Flowlink 4 program for further analysis.
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The amount of precipitation entering the watershed was monitored in order to link
sediment movement to rainfall intensity and duration. Precipitation was monitored using
two different techniques. An Onset Data Logging Rain Gauge was installed in a central
location in the watershed, and it recorded and stored the amount, intensity and duration of
all precipitation events. Precipitation data were retrieved by a HOBO shuttle and
uploaded into Boxcar Pro 4 program for further analysis in the laboratory. The Onset
Data Logging Rain Gauge precipitation data was downloaded after precipitation events
on an intermittent basis.
Groups of rain gauges were also installed in seven randomly selected areas within
the watershed. Each group consisted of one rain gauge located out in the open, with little
or no interference from vegetation and six rain gauges underneath canopy for measuring
canopy throughfall. Rain gauge measurements were collected and recorded for
precipitation events on an intermittent basis during the first year. One problem that
occurred with the rain gauges was that during winter, freezing would cause the plastic
rain gauges to crack and leak resulting in inaccurate readings. This happened often
enough to make it inefficient to replace the rain gauges after each freeze, and therefore
the monitoring of precipitation using rain gauge nests was terminated after the first year.

Statistical Analyses
A measurement error, which is given range of values that are expected to
encompass the true value, of ±0.3 cm was allowed for sediment loss/gain data from wing
ditch stakes, upland and lowland stakes, cross-sectional area measurements, bank pins,
and in-stream tiles. Suspended sediment concentrations and sediment transportation were
analyzed as separate completely randomized design experiments due to the variability in
wing ditch locations and design formations. The relationship between wing ditch
locations and mean sediment concentration (g/L) in relation to distance from the road was
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examined. PROC GLM (SAS 9.1 version) was used to test null hypotheses that erosion
from logging roads does not contribute to the watershed-scale sediment movement, as
well with other comparisons with precipitation amount and intensities, and time periods.
PROC GLM was used to test multiple comparisons of treatments, time periods, and
distance from the road in relation to change in sediment deposited or eroded (cm) in wing
ditches. Multiple comparisons were made between treatments, time periods, transect
locations, sub-watershed locations, and slopes for upland areas, lowland areas, and crosssectional areas using PROC GLM. PROC GLM was also used to test multiple
comparisons for treatments, time periods, and transects in relation to change in lateral
elevation in bank pins. Multiple comparisons were made between treatments, tile
locations, stream branches, and collection dates for change in streambed elevation with
in-stream tiles using PROC GLM. A simple linear regression was used to determine if
there was a detectable relationship between percent of harvested drainage area and
change in streambed elevation for in-stream tiles. PROC GLM was also used to test
multiple comparisons of ISCO locations among the stream branches, collection dates, and
bottle sampling numbers in relation to sediment concentration among ISCO bottles.
Significant differences for all analyses were evaluated at α=0.05 level. Where PROC
GLM indicated significant differences, Duncan’s Multiple Range Test was used to
compare individual means.
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CHAPTER IV
RESULTS

Wing ditch sediment movement

Sediment concentration in concentrated flow path
The total mean value for sediment concentration among the wing ditches in this
study was 117.86 g/L. Sediment concentrations differed significantly for treatments, time
periods, and distance from the road among the wing ditches (Figures 4.1a-4.1c). The
harvested treatment had a mean sediment concentration five times higher than the
unharvested treatment (Figure 4.1a), and the sediment concentration mean during preharvest conditions was less than half the sediment concentration mean for post-harvest
(Figure 4.1b). Total sediment concentration from the wing ditches showed a decrease in
sediment concentration with increasing distance from the road (Figure 4.1c). The
sampling location farthest from the road had a significantly lower mean sediment
concentration than the two sampling locations nearest the road.
Sediment concentrations varied between time periods and treatments (Table 4.1).
During pre-harvest conditions, wing ditches located within the harvested portion of the
watershed yielded twice as much sediment as those in the unharvested watershed portion.
TSS concentrations in wing ditches within the harvested treatment were thirty times
higher than those of unharvested treatment wing ditches under post-harvest conditions.
In a comparison of treatments, post-harvest sediment concentrations were six times lower
than pre-harvest concentrations in wing ditches in the unharvested treatment. However,
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Figure 4.1 Mean sediment concentrations in wing ditch bottles for a) Unharvested vs.
Harvested treatments, b) Pre- vs. Post-harvest time periods, and c)
Distance from the road (increasing from left to right).
*Means within a graph with same letter are not significantly different (α=0.05).
**A = 1.82-3.65 m, B = 3.04-6.09 m, C = 4.57-9.14 m distance from the road
for bottle location.
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Table 4.1 Wing ditch sediment concentrations means for treatments and time periods.
Mean sediment concentration (g/L)
Treatment
Pre-harvest
Post-harvest
Unharvested
56.64 A*,a**
9.66 B,b
Harvested
97.54 A,b
296.02 A,a
*Means followed by the same upper case letter in a column do not differ at α=0.05.
**Means followed by the same lower case letter in a row do not differ at α=0.05.

wing ditches within the harvested treatment yielded post-harvest sediment concentrations
three times higher than pre-harvest concentrations.
Sediment concentrations within treatments and time periods also differ
considerably based on distance from the road (Figure 4.2). All sediment concentrations
for both treatments and time periods decreased with increasing distance from the road.
The harvested treatment had the greater amount of sediment concentration among
treatments and post-harvest concentrations were higher than pre-harvest.
A comparison of mean sediment concentrations across time periods, treatments,
and distance from the road showed similar results with sediment concentrations
decreasing with increasing distance from the road (Table 4.2). The harvested treatment
had the greater amount of sediment during pre- and post-harvest time periods, and
showed an increase in sediment concentration during post-harvest conditions. By
comparison, the unharvested treatment had the lower amount of sediment during pre- and
post-harvest time periods, and showed a decrease in sediment concentration during postharvest conditions.
For precipitation events whose dates correspond to TSS collections within wing
ditches, mean precipitation was 113.06 mm/month and average intensity was 8.55 mm/hr.
Eighty-six precipitation events were monitored during the wing ditch sediment
concentration study, between June 17, 2005 and June 8, 2006 (Table 4.3). Each sampling
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Figure 4.2 Mean sediment concentrations based on distance from the road within time
periods and treatments.
*A = 1.82-3.65 m, B = 3.04-6.09 m, C = 4.57-9.14 m distance from the road
for bottle location.

Table 4.2 Wing ditch mean sediment concentrations for treatments at each sample
location during pre- and post-harvest conditions.
Mean sediment concentration (g/L)
Pre-harvest
Post-harvest
Sample location
Unharvested Harvested
Unharvested Harvested
A*
108.63
154.58
21.03
467.58
B
54.54
126.72
7.28
349.80
C
9.12
18.08
3.09
110.89
*A = 1.82-3.65 m, B = 3.04-6.09 m, C = 4.57-9.14 m distance from the road.
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Collection
date

6/17/2005
7/9/2005
7/23/2005
9/3/2005
9/28/2005
12/2/2005
12/20/2005
4/14/2006
5/21/2006
6/8/2006

Precip.
Event #s

44-51
52-57
58-65
66-78
79-80
81-90
91-95
96-119
120-126
120-130

104.902
17.526
90.932
197.866
95.758
77.978
97.028
436.118
97.028
107.696

Precipitation
(mm)
12.912
4.828
10.792
27.934
6.119
3.966
9.797
5.160
3.981
7.411

Intensity
(mm/h)
63.062
16.582
44.605
85.969
64.394
26.894
31.387
87.086
60.960
87.086

Max.
intensity
(mm/h)
0.231
0.226
0.079
0.519
0.316
0.206
0.518
0.070
0.176
0.176

Min.
intensity
(mm/h)

6.2

3.36667

Time
elapsed
(mo)

131.588

Post-harvest

150.589

Pre-harvest

Ave.
precip.
(mm/mo)

Table 4.3 Rainfall characteristics of sampling periods during wing ditch sediment concentration study.

5.251

13.001

Ave.
intensity
(mm/hr)

event consisted of an individual storm. Based on the precipitation from the collection
dates, the pre-harvest period averaged higher amounts of precipitation and intensities, as
well as shorter durations than the post-harvest period. Greatest total precipitation
occurred on April 14, 2006; least precipitation occurred on July 9, 2005. Highest
intensity occurred on September 3, 2005; lowest intensity occurred on December 2, 2006.
Two hurricanes took place during the year 2005. Hurricane Katrina impacted the study
area August 29-30, 2005 and contributed 138.68 mm of rainfall with a maximum
intensity of 10.06 mm/h. Hurricane Rita produced 93.73 mm of rainfall September 2425, 2005, with a maximum intensity of 64.39 mm/h.
Generally, mean sediment concentrations corresponded with the total
precipitation amount based on collection dates, with the one exception of Sept. 3, 2005
(Figure 4.3). The mean sediment concentration also corresponded with the average
intensity based on collection dates, with exception of observation dates Sept. 3, 2005 and
April 4, 2006 (Figure 4.4). From the observation dates, April 4, 2006 had the largest
mean sediment concentration and July 9, 2005 had the smallest mean sediment
concentration. Further analysis of treatments in relation to rainfall amounts for each
observation date resulted in the majority of observation dates having a greater amount of
sediment concentration in harvested treatments (Figure 4.5). However, observation dates
July 7, 2005 and Sept. 28, 2005 had a greater amount of sediment concentration from
wing ditches in unharvested treatments.

Sediment transportation from wing ditch to upland sub-watersheds
Trapping of sediment transported through wing ditches was measured via stakes
at the culmination of the wing ditch. The mean rate of change in soil elevation was
-0.013 cm/yr where negative values indicate erosion and positive values indicate
deposition. No significant differences were found for time periods or treatments.
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Figure 4.3 Mean sediment concentration and total precipitation amount for wing ditch
sediment concentration observation dates.
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Figure 4.4 Mean sediment concentration and average precipitation intensity for wing
ditch sediment concentration observation dates.
*Means with same letter are not significantly different (α=0.05)
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Figure 4.5 Mean sediment concentration in unharvested and harvest treatments in
relation to total precipitation during each observation date for wing ditch
sediment concentration.
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However, there was a significant difference among transect locations with values
indicating a gradual decrease in deposition and increase in erosion with increasing
distance from the road. The exception to this trend was the transect furthest from the
road which demonstrated decreases in erosion and increases in deposition (Figure 4.6).
Though not significantly different, the mean change in soil elevation between time
periods was 0.041 cm for pre-harvest and -0.11 cm for post-harvest. Mean rate of change
in soil elevation between treatments was 0.011 cm/yr for harvested and -0.041 cm/yr for
the unharvested portions of the watershed.
Mean changes in soil elevation for time periods and treatments differed
considerably. During pre-harvest conditions, depositional processes were dominant in
the unharvested treatment, whereas erosional processes were dominant in the harvested
treatment. During post-harvest conditions the trends reversed such that erosional
processes became dominant in the unharvested treatment and depositional processes
became dominant in the harvested treatment (Figure 4.7). The only significant difference
between treatments occurred post-harvest. Within the unharvested treatment, the mean
rate of change in soil elevation yielded net deposition for the pre-harvest time period and
net erosion for post-harvest, but the harvested treatment yielded erosion for pre-harvest
and deposition for post-harvest (Figure 4.8). Though no significant differences were
found, the unharvested treatment had greater values of mean rate of change in soil
elevation than the harvested treatment.
Change in soil elevation varied for time periods and treatments in relation to the
distance from the road based on transect location. During the pre-harvest time period
there were significant differences in soil elevation with distance from the road, whereas
there were no significant differences during the post-harvest time period (Figure 4.9).
Changes in soil elevation with distance from the road differed significantly within the
unharvested treatment, however no significant differences were found in soil elevation
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Figure 4.6 Mean rate of change in soil elevation for transects within wing ditch stakes.
Positive values indicate deposition; negative values indicate erosion.
*Means with same letter are not significantly different (α=0.05).
**T1 = 6.10-9.14 m, T2 = 7.62-10.67 m, T3 = 9.14-12.19 m, T4 = 10.6713.72 m distance from the road.
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Figure 4.7 Mean change in soil elevation by treatment within pre-harvest and postharvest time period wing ditch stakes. Positive values indicate deposition;
negative values indicate erosion.
*Means within a time period with same letter are not significantly different
(α=0.05).
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Figure 4.8 Mean rate of change in soil elevation by time periods within unharvested and
harvested treatment areas as measured by wing ditch stakes. Positive values
indicate deposition; negative values indicate erosion.
*Means within a treatment with same letter are not significantly different
(α=0.05).
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Figure 4.9 Mean change in soil elevation for transects within pre-harvest and post
harvest time periods as measured with wing ditch stakes. Positive values
indicate deposition; negative values indicate erosion.
*Means within a time period with same letter are not significantly different
(α=0.05).
**T1 = 6.10-9.14 m, T2 = 7.62-10.67 m, T3 = 9.14-12.19 m, T4 = 10.6713.72 m distance from the road.
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within the harvested treatment (Figure 4.10). Changes in soil elevation were similar for
the harvested treatment and pre-harvest time period as indicated by an overall decrease in
deposition and increase in erosion with increasing distance from the road, with the
exception of the transect furthest away from the road which exhibited a decrease in
erosion and increase in deposition. Post-harvest conditions differed by having a decrease
in deposition and an overall increase in erosion with increasing distance from the road.
Further analysis of transects was completed between individual treatments and
time periods for mean change in soil elevation as measured by wing ditch stakes.
Significant differences in sediment loss/gain were determined among transects in the
unharvested treatment within the pre-harvest time period, and in the harvested treatment
within the post-harvest time period (Figure 4.11a-4.11b), as well as the pre-harvest time
period in the unharvested treatment (Figure 4.12a). No significant differences were
found in sediment loss/gain for pre-harvest or post-harvest conditions from wing ditches
in the harvested treatment (Figure 4.12b).

Sediment transport in upland areas
The overall mean rate of change in soil elevation at the top of the upland areas
was -0.65 cm/yr. Significant differences were found between treatments, time periods,
and sub-watersheds. Mean rate of change in elevation was -0.57 cm/yr in unharvested
treatments and -0.74 cm/yr in harvested treatments; net change by time periods was -0.48
cm during pre-harvest and -0.34 cm during post-harvest conditions. Mean rate of change
in soil elevation for sub-watersheds ranged from a minimum -0.11 cm/yr in an
unharvested sub-watershed to a maximum of -1.21 cm/yr in a harvested sub-watershed
(Table 4.4). Though no significant differences were found among varying degree of
slope or location of transect within the watershed, values were -0.61 cm/yr for low slopes
(less than or equal to 9% slope) and -0.69 cm/yr for high slopes (greater than 9% slope).
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Figure 4.10 Mean rate of change in soil elevation for transects within unharvested and
harvested treatment areas as measured by wing ditch stakes. Positive values
indicate deposition; negative values indicate erosion.
*Means within a treatment with same letter are not significantly different
(α=0.05).
**T1 = 6.10-9.14 m, T2 = 7.62-10.67 m, T3 = 9.14-12.19 m, T4 = 10.6713.72 m distance from the road.
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a) Pre-harvest time period
Change in soil elevation (cm) j

0.8

a*

0.6
0.4
ab

0.2

a

a

b

T1**
T2

0

T3

-0.2

a

b

a

T4

-0.4
-0.6
-0.8
Unharvested

Harvested

b) Post-harvest time period
Change in soil elevation (cm) j

0.8
a

0.6
0.4
0.2

ab

T1**

0

T2

-0.2

b

-0.4
-0.6

b

a

a

T3
T4

a

a*

-0.8
Unharvested

Harvested

Figure 4.11 Mean change in soil elevation of transects for treatments under a) preharvest conditions and b) post-harvest conditions as measured by wing ditch
stakes. Positive values indicate deposition; negative values indicate erosion.
*Means in an individual treatment within a graph with same letter are not
significantly different (α=0.05).
**T1 = 6.10-9.14 m, T2 = 7.62-10.67 m, T3 = 9.14-12.19 m, T4 = 10.6713.72 m distance from the road.
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a) Unharvested treatment
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Figure 4.12 Mean rate of change in soil elevation of transects for time periods within a)
unharvested treatment and b) harvested treatment areas as measured by
wing ditch stakes. Positive values indicate deposition; negative values
indicate erosion.
*Means in an individual time period within a graph with same letter are not
significantly different (α=0.05).
**T1 = 6.10-9.14 m, T2 = 7.62-10.67 m, T3 = 9.14-12.19 m, T4 = 10.6713.72 m distance from the road.
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Table 4.4 Mean rate of change in soil elevation in upland areas by sub-watershed.
Mean rate of change in soil
Sub-watershed
Slope
N*
elevation (cm/yr)
Foodplot (H)**
Low***
84
-0.670 cbd****
Pretty One (H)
High
77
-0.831 b
The Slide (H)
High
77
-1.205 a
The Slip (H)
High
72
-0.521 cd
Bear Den (H)
Low
77
-0.698 cb
Fern Gully (H)
Low
56
-0.529 cd
The Vines (UnH)
High
42
-0.113 e
The Fork-West (UnH)
Low
40
-0.494 cd
The Fork-East (UnH)
Low
40
-0.379 d
The Fork (UnH)
Low
24
-0.483 cd
Devil’s Walking Stick (UnH)
Low
70
-0.753 cb
Stumps (UnH)
Low
56
-0.690 cb
Hydrangea (UnH)
High
64
-0.774 cb
Number One (UnH)
High
70
-0.733 cb
*Number of observations.
**Sub-watersheds listed as (UnH) are within the unharvested treatment, and those listed
as (H) are within the harvested treatment of the watershed.
***Low = ≤9% slope, High = >9% slope.
****Means with same letter are not significantly different (α=0.05).

Sediment loss ranged from -0.57 cm/yr at the top to -0.73 cm/yr at the bottom. The mean
rate of change in soil elevation for transects showed a trend of increasing erosion with
increasing distance from the top of the sub-watershed. All independent variables for
mean rate of change in elevation indicated erosion.
Further analyses of individual treatments revealed significant differences for time
periods and transects within the unharvested treatment, and for time periods and slopes
within the harvested treatment. Within the unharvested treatment, post-harvest
conditions indicated twice the rate of change in soil elevation as compared to pre-harvest
conditions, and the post-harvest conditions also indicated a higher rate of erosion than
pre-harvest conditions within the harvested treatment (Figure 4.13). Mean rate of change
in soil elevation differed significantly with percent slope within the harvested treatment;
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Figure 4.13 Mean rate of change in soil elevation by time periods within unharvested
and harvested treatment areas as measured by upland stakes. Positive
values indicate deposition; negative values indicate erosion.
*Means within a treatment with same letter are not significantly different
(α=0.05).

rates were -0.63 cm/yr for low slopes and -0.84 cm/yr for high slopes. Within the
unharvested treatment there were no significant differences; rates were -0.59 cm/yr for
low slopes and -0.55 cm/yr for high slopes.
Within the unharvested treatment, there was a general trend of increasing erosion
rate with increasing distance from the top of the sub-watershed, however within the
harvested treatment there was a reverse trend indicating decreasing erosion rate with
increasing distance from the top of the sub-watershed (Table 4.5).
Pre-harvest and post-harvest time periods yielded significant differences between
treatments in upland areas (Figure 4.14). However, no significant differences were found
between varying slopes or transect locations for pre- or post-harvest time periods.
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Table 4.5 Mean rate of change in soil elevation by transect location within the
unharvested and harvested treatment in the upland areas.
Mean rate of change in soil elevation (cm/yr)
Transect*
Unharvested
Harvested
1
-0.377 b**
-0.801 a
2
-0.438 b
-0.821 a
3
-0.672 ab
-0.679 ab
4
-0.618 ab
-0.749 a
5
-0.438 b
-0.750 a
6
-0.724 ab
-0.701 ab
7
-0.716 ab
-0.738 a
8
-0.800 a
-0.267 b
*Increase in distance from the top of the sub-watershed with increase in transect
number.
**Means followed by the same letter in a column are not significantly different
(α=0.05).
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Figure 4.14 Net change in soil elevation by treatments within pre-harvest and postharvest time periods in upland areas.
*Means within a time period with same letter are not significantly different
(α=0.05).
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Though not significantly different, low slopes had a -0.44 cm net change and high slopes
had a -0.52 cm change within pre-harvest upland areas, and -0.34 cm for low and -0.34
cm for high slopes within post-harvest upland areas. Net change in soil elevation for
transects ranged from -0.39 cm for the transect closest to the top of the sub-watershed to
-0.59 cm for the transect furthest from the top of the sub-watershed within pre-harvest
conditions, and post-harvest transect values ranged from -0.18 cm for the transect furthest
from the top of the sub-watershed to -0.43 cm for the transect second closest to the top of
the sub-watershed.

Sediment transport in lowland areas
The mean rate of change in soil elevation as measured by lowland stakes was
-0.26 cm/yr indicating overall erosion within the lowland sub-watersheds. Significant
differences were found among time periods, transect locations, and sub-watersheds. The
mean net change in soil elevation was -0.14 cm for pre-harvest and -0.25 cm for postharvest periods. Mean rate of change in soil elevation for transects within lowland areas
ranged from 0.05 cm/yr to -0.55 cm/yr (Table 4.6). Sub-watersheds values within
lowland areas varied significantly for mean rate of change in soil elevation, ranging from
-0.07 cm/yr to -0.52 cm/yr (Table 4.7).
Though no significant differences were found for treatments or slopes using
lowland stakes measurements, values for slopes were -0.23 cm/yr for low slopes and
-0.30 cm/yr for high slopes indicating an increase in erosion with an increase in the slope
gradient. Treatment values varied little with -0.27 cm/yr for unharvested and -0.26 cm/yr
for harvested treatments. All independent variables for mean rate of change in elevation
indicated erosion, with one exception to an individual transect.
Mean rate of change in soil elevation by transect location for harvested and
unharvested portions of the watershed are presented in Table 4.8. Within the unharvested
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Table 4.6 Mean rate of change in soil elevation for transect locations in lowland areas.
Transect*
N**
Mean rate of change in soil elevation (cm/yr)
1
87
-0.218 ab***
2
87
-0.449 a
3
80
-0.246 ab
4
80
-0.387 a
5
80
-0.418 a
6
80
-0.271 ab
7
80
-0.231 ab
8
63
-0.370 ab
9
55
-0.290 ab
10
55
0.052 b
11
55
-0.176 ab
12
55
-0.130 ab
13
47
-0.135 ab
14
31
-0.122 ab
15
31
-0.324 ab
16
15
-0.153 ab
17
15
-0.266 ab
18
15
-0.187 ab
19
15
-0.421 a
20
15
-0.393 a
21
15
-0.548 a
*Increase in distance from the top of the sub-watershed with increase in transect number.
**Number of observations.
***Means followed by the same letter are not significantly different (α=0.05).
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Table 4.7 Mean rate of change in soil elevation in lowland areas by sub-watershed.
Mean rate of change in soil elevation
Sub-watershed
N*
(cm/yr)
Foodplot (H)**
63
-0.073 c***
Pretty One (H)
64
-0.334 abc
The Slide (H)
14
-0.300 abc
The Slip and Slide (H)
80
-0.232 abc
The Slip (H)
40
-0.519 a
Bear Den (H)
56
-0.387 ab
Fern Gully (H)
168
-0.143 bc
The Vines (UnH)
147
-0.313 abc
The Fork (UnH)
120
-0.206 bc
Devil’s Walking Stick (UnH)
96
-0.337 abc
Stumps (UnH)
104
-0.228 abc
Number One/Hydrangea (UnH)
104
-0.281 abc
*Number of observations.
**Sub-watersheds listed as (UnH) are within the unharvested treatment, and those listed
as (H) are within the harvested treatment of the watershed.
***Means with same letter are not significantly different (α=0.05).
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Table 4.8 Mean rate of change in soil elevation by unharvested and harvested treatment
for transect locations in lowland areas.
Mean rate of change in soil elevation (cm/yr)
Transect*
Unharvested
Harvested
1
-0.219 bc**
-0.218 a
2
-0.538 abc
-0.385 a
3
-0.310 bc
-0.190 a
4
-0.445 abc
-0.333 a
5
-0.335 bc
-0.492 a
6
-0.375 abc
-0.194 a
7
-0.200 bc
-0.253 a
8
-0.456 abc
-0.275 a
9
-0.235 bc
-0.387 a
10
0.120 c
-0.075 ab
11
-0.181 bc
-0.166 a
12
-0.111 bc
-0.167 a
13
-0.143 bc
-0.123 a
14
-0.087 bc
-0.142 a
15
-0.194 bc
-0.370 a
16
-0.744 ab
0.320 b
17
-0.256 bc
-0.273 a
18
-0.438 abc
-0.021 ab
19
-0.688 ab
-0.227 a
20
-0.267 bc
-0.478 a
21
-1.045 a
-0.175 a
*Increase in distance from the top of the sub-watershed with increase in transect
number.
**Means followed by the same letter in a column are not significantly different
(α=0.05).
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treatment, significant differences were found for time periods and transect locations. The
mean rate of change in soil elevation was -0.14 cm/yr for pre-harvest and -0.41 cm/yr for
post-harvest conditions within the unharvested treatment. The mean rate of change in
soil elevation for transect locations within the unharvested treatment varied significantly.
However, the mean rate of change in soil elevation as measured by lowland stakes for
slopes within the unharvested treatment were not significantly different. The values were
-0.25 cm/yr for low slopes and -0.30 cm/yr for high slopes.
Within the harvested treatment, significant differences were found for time
periods, slopes, and transect locations for lowland stake measurements. The mean rate of
change in soil elevation for time periods was -0.14 cm/yr for pre-harvest and -0.37 cm/yr
for post-harvest conditions. Mean rate of change by slope was -0.19 cm/yr for low slopes
and -0.31 cm/yr for high slopes within the harvested treatment. Transects within the
harvested treatment were significantly different based on the mean rate of change in soil
elevation for lowland stakes.
Further analysis of individual time periods resulted in no significant differences
for treatments, slopes, or transect locations for mean rate of change in soil elevation as
measured by lowland stakes. During the pre-harvest time period, the mean change in soil
elevation was -0.14 cm for unharvested and -0.14 cm for harvested treatment. Changes
for slopes were -0.11 cm for low slopes and -0.17 cm for high slopes, and transect
changes ranged from 0.18 cm to -0.35 cm for lowland stake measurements within preharvest conditions. Mean change in soil elevation during post-harvest conditions was 0.27 cm for unharvested and -0.23 cm for harvested treatment. Changes on slopes were 0.22 cm for low slopes and -0.28 cm for high slopes, and transects ranged from 0.11cm to
-0.51 cm for lowland stake measurements during post-harvest conditions.
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Watershed cross-sectional areas
Significant differences were found for slopes between the two sub-watersheds
located in the unharvested treatment area, with an overall mean rate of change in
elevation of -9.57 cm/yr, with indication of erosion in both sub-watersheds. The high
slope had less change in elevation (-5.53 cm/yr) than the low slope (-12.61cm/yr).
Though not significantly different, mean change in soil elevation in cross-sectional
transects was -7.84 cm/yr, -9.31 cm/yr, -11.05 cm/yr, and -10.63 cm/yr (values in order
of increasing distance from the top of the sub-watershed upland area).

Bank erosion
The mean rate of change in lateral bank position was 0.90 cm/yr. No significant
differences were found between treatments or transect locations. Treatments resulted in
changes of 0.8 cm/yr for unharvested, 1.2 cm/yr for harvested, and 0.94 cm/yr for pins
located in an area influenced by both unharvested and harvested treatments. Mean soil
creep values for transect locations were 0.93 cm/yr, 0.87 cm/yr, 0.4 cm/yr, and 1.3 cm/yr
as distance from the stream increased, showing a decrease in deposition with increasing
distance from the stream, with exception being the transect furthest away from the
stream. Bank erosion pins measurements did produce a significant difference between
time periods, with changes of 1.1 cm for pre-harvest and -0.16 cm for post-harvest
conditions, indicating an increase in erosion with time. Further analysis of pre-and postharvest conditions resulted with no significant differences with treatments or transects in
pre-harvest or post-harvest conditions.

In-stream sediment
Data were susceptible to high variability due to sampling equipment and methods,
and all measurements were recorded post-harvest. Overall mean change in streambed
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elevation for in-stream tiles was 1.8 cm. No significant differences were found for
treatments, tile locations, stream branches, or collection dates. Figure 4.15 demonstrates
no significant relationship (R2 = 0.0013) between change in streambed elevation and the
percent of harvested drainage area for in-stream tile measurements. Change in streambed
elevation varied between 9.4 cm and -4.9 cm for in-stream tiles. Individual stream
branches mean change in streambed elevation varied from 4.97 cm for a branch located at
the bottom of the watershed, to 0.0 cm for a branch at the top of the watershed.
The total mean sediment concentration of waters exiting the watershed was 0.11
g/L. No significant differences were found for collection dates, however, significant
differences were found among individual stream segments. The main confluence and
east branch locations had significantly higher mean sediment concentrations than the
west branch. Mean sediment concentrations were 0.036 g/L [SE = 0.005] for the west
branch; 0.15 g/L [SE = 0.047] for the east branch; and 0.15 g/L [SE = 0.018] for the main
confluence branch.
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Figure 4.15 Mean change in streambed elevation versus percent of harvest drainage area
as measured by in-stream tiles. R2 = 0.0013.
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CHAPTER V
DISCUSSION

TSS in runoff from forest roads
Clinton and Vose (2003) performed a study on surface runoff water quality for
four different road types, and noted that TSS concentrations in general were higher for
collectors closer to the road than those farthest away from the road. Results of the
Booger Den study are similar in that the total sediment concentration in runoff from wing
ditches decreased with increasing distance from the road. This trend was consistent
across all individual treatments and time periods indicating a reduction in the energy of
road surface runoff with increasing distance from the road.
I expected there to be an increase in sediment concentration in runoff as a result
of increased road use during harvesting activities. The use of heavy equipment on forest
roads may cause soil compaction and reduced infiltration of the road surface, resulting in
an increase in surface runoff. As expected, sediment concentrations in runoff within the
harvested treatment and during the post-harvest time period were higher than that of the
unharvested treatment or pre-harvest time period. However, within the unharvested
treatment there was a decrease in mean sediment concentration from pre- to postharvesting time periods, indicating a slow return to normal conditions. The harvested
treatment yielded greater volumes of sediment concentration during both pre- and postharvest time periods than the unharvested treatment. Forest roads within both the
harvested and unharvested portions of the watershed were unmaintained graveled roads
before the study started; however, on the harvested treatment portion of the watershed,
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spot applications of gravel were applied to the road during the wet season in order to
increase traction. Kochenderfer and Helvey (1987) found that graveled roads yielded less
sediment than ungraveled roads, but there were no significant differences in soil loss
among the graveled sections over time regardless of the amount of gravel applied. While
we did not test the effects of gravel application in this study, the increase in TSS postharvest suggests that gravel application may have compounded the effects of increased
road traffic.
Kochenderfer and Helvey (1987) also reported that large amounts of sediment
movement occurred with heavy precipitation. In the Booger Den study, mean
precipitation amount and intensity were higher pre-harvest than post-harvest. Mean
sediment concentration in runoff from forest roads corresponds with precipitation
amounts and average intensity with the exception of the September 3, 2005 collection
date. On August 29-30 Hurricane Katrina deposited 138.6 mm rainfall at a rate of 10
mm/hr over the study area.
There was a closer relationship between mean TSS in runoff from forest roads
and precipitation amount in the harvested treatment than in the unharvested treatment. In
the unharvested treatment, sediment concentration corresponded more closely to
precipitation amount during the pre-harvest time period than post-harvest. Variables that
could contribute to the variation in sediment concentration include precipitation amount
and intensity, topography, slope, and effectiveness of wing ditch construction at reducing
runoff energy and sediment movement. Since sample bottles were placed in the
concentrated flow path of the wing ditch, they had direct contact with the high volumes
of sediment movement during precipitation events. Wing ditch stakes however, were
generally installed to mimic and capture the entire sediment fan at the end of the wing
ditch before entering the upland areas.
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Sediment transportation from wing ditch to upland sub-watersheds
As part of the process of wing ditch construction, a mound of soil is deposited by
the bulldozer at the end of a wing ditch in order to reduce runoff energy and cause
sediment to drop out of suspension before entering the watershed. The goal is for the
bulk of sediment to be deposited on the forest floor as near the road as possible. Grace
(2002a) monitored four sediment control techniques applied to wing ditches with
sediment stakes used to monitor the sediment deposited on the forest floor of wing
ditches. Grace (2002a) found that 93% of the total sediment export was attributed to the
sediment deposited on the forest floor in all treatments, supporting the idea that wing
ditches are effective at reducing the surface runoff energy and limiting NPS contribution
of sediment to upland areas from road surfaces. However, the filtering capacity of the
forest floor can eventually decrease with increasing sediment deposition, which can lead
to increased surface runoff and transportation of sediment to streams (Grace 2002a).
Within Booger Den site wing ditches, there were significant differences in rate of
change in soil elevation across transect locations; however it is important to note that
differences were in most cases smaller than the pre-determined ±0.3 cm measurement
error. In general depositional processes dominated along transects closest to the road
immediately in front of the dozer-deposited soil mound as would be expected with a
reduction in surface runoff, whereas natural erosion occurs on the slopes leading into the
forested uplands.
Post-harvest conditions yielded net erosion which increased with increasing
distance from the road. However, during post-harvest conditions, the unharvested
treatment yielded erosion for all transects, whereas the harvested treatment had some
deposition. One possible reason for the change in soil elevation between treatments is the
increased traffic during harvesting which may result in soil compaction, reduced
infiltration and exposed mineral soil, increasing the amount of sediment carried by
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surface runoff. The increase in deposition in the harvested treatment during post-harvest
conditions may indicate that additional sediment carried by the increased surface runoff is
outpacing natural rates of erosion.

Hillslope sediment movement
Hillslope sediment movement was tracked from the top of the slope adjacent to
the road (upland areas) down to the first break in slope where the transition from steep
slopes to more gradual slopes occurred (lowland areas). The expectation was that erosion
would dominate at the top of the watershed hillslopes, and that deposition would begin to
occur as runoff lost the necessary energy to keep sediment in suspension. In this study,
erosion was the dominant process regardless of measurement location or measurement
tool used (upland stakes, lowland stakes or cross sectional area measurements); however
rates of sediment loss varied depending on steepness of slope, time period, and treatment.
Huang (1998) and Kinnell (2000) in controlled experiments of hillslope sediment
movement documented that as slope steepness increases to around 10%, erosion
increases. We used 9% slope steepness as the cutoff for separating high and low slope
because the 12 sub-watersheds examined naturally fell into these two groups. In general,
high slopes had a greater erosion rate than low slopes, but this varied between treatments
and measurement methods. In the upland areas, the harvested treatment had significantly
greater erosion in the high slopes than the low slopes; however the unharvested treatment
had greater erosion along the low slopes. Rates of erosion on slopes in the unharvested
treatment were insignificant and relatively small when compared to the variability due to
the measurement error (±0.3 cm). The greater amount of erosion in the low slopes within
the unharvested treatment was unexpected since increasing slope inclination usually leads
to increasing soil losses. Slope length is also a factor in soil loss, with longer slopes
providing more surface area over which soil loss can occur. Transects of the upland
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stakes in both unharvested and harvested treatments were not spaced apart based on one
specific measurement, but were spaced based on the slope of the individual subwatershed, as discussed in the methods. Therefore the distance between the first and last
transect for every sub-watershed was different. The small difference in soil erosion,
along with undefined slope length and high variability due to measurement error possibly
account for the unexpected results for low slopes within the unharvested treatment.
Overall there were no significant differences between transect positions in the upland
areas, but transects did show a trend of having the mean rate of change in soil elevation
increase in erosion with increasing distance from the top of the sub-watershed. Transects
within the unharvested treatment exhibited this same trend. However, transects within
the harvested treatment had a reverse trend of mean rate of change in soil elevation
decreasing with increasing distance from the top of the sub-watershed which could
possibly suggest that the topography of the area dominates the rate of change in soil
elevation, rather than the treatment applied.
Erosion is a natural process in these watersheds. Prior to harvest, watersheds on
the both unharvested control side and the to-be-harvested treatment side yielded net
erosion of -0.35 cm and -0.63 cm, respectively when measured near the top of each subwatershed. Cross-sectional area measurements were collected for the twelve randomly
selected sub-watersheds during the pre-harvest time period, however, at the end of the
post-harvest time period only two of the twelve sub-watershed cross-sectional area
measurements were collected creating a very small data base and reducing the accuracy
and relevance. However as both sub-watersheds remained untouched throughout the
course of the study, they may be useful indicators of natural rates of erosion in these
soils. The two sub-watersheds examined for large scale changes in topography were both
located in the unharvested area. Mean erosion rates were -5.53 cm/yr for the high slope
and -12.61 cm/yr for the low slope. Values determined by cross-sectional area were
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larger than those determined by vertical stakes, but this is most likely due to the
experimental error associated with the cross-sectional method. Regardless of which
measurement tool was used, there was a consistent, although not significant, trend in
which rate of erosion increased with increasing distance downslope. Keim and
Schoenholtz (1999) and Carroll et al. (2004) measured post-harvest net
erosion/deposition in similar watersheds in Mississippi and both studies reported no
significant differences in erosion/deposition for transect position or treatment. These
studies reported post-harvest deposition in all cases, whereas in the Booger Den study
erosion continued to be the dominant process eight months post-harvest.
Within the upland areas there were differences in both mean change in soil
elevation and rate of change in soil elevation post-harvest. Net erosion/deposition
differed between treatments and time periods, with change in soil elevation increasing in
erosion in the unharvested treatment and decreasing in the harvested treatment during
post-harvest conditions. Post-harvest, there was a significantly higher rate of change in
soil elevation for both unharvested and harvested treatments. Keim and Schoenholtz
(1999) found that the rate of net deposition/erosion did not decrease after the first year,
regardless of the treatment. This is similar to the results for treatments in this study. The
increase in change in soil elevation rate indicates that erosion is a natural and ongoing
process within the upland areas of watersheds within the Sand-Clay Hills of the Hilly
Coastal Plains of Mississippi. One possible reason for soil elevation to decrease in
erosion in the harvested treatment during post-harvest conditions may be due to
obstructions on the slopes of the sub-watersheds left from harvesting, such as limbs or
branches, which can reduce water velocity and/or create barriers for soil particles and
decrease erosion.
Deposition was anticipated in lowland areas close to the perennial stream as has
been indicated in other studies (Keim and Schoenholtz 1999, Carroll et al. 2004) but was
56

not the case in Booger Den. Possible explanations for erosion in the lowland areas could
be that during rainfall events, the velocity of the overland flow was sufficiently powerful
to pass through the lowland area without sedimentation or decreasing the sediment
concentration. Though no significant differences were found between treatments, the two
individual sub-watersheds with the highest overall mean rate of change in soil elevation
for lowland stakes were located within the harvested treatment, one of which had the
greatest slope (19%) of all monitored sub-watersheds.
Mean change in soil elevation was higher overall post-harvest in the lowland
areas, regardless of treatment or slope. This finding supports the theory that harvesting
may affect natural rates and/or direction of change in soil elevation. However,
unharvested lowland areas had a higher mean change in soil elevation post-harvest than
occurred in the harvested lowland areas, which suggests that the topography of the area
impacts the change in soil elevation, possibly more than the treatment applied. The lower
mean change in soil elevation within the harvested lowland areas post-harvest could also
imply that more sediment is being transported due to increased surface runoff during
precipitation events that are capable of carrying larger sediment loads due to previously
disrupted exposed mineral soil. Both debris from harvesting and gradually shallowing
slopes can cause water velocity to slow, reducing erosive energy of the water so that there
is a simultaneous decrease in soil particles dislodged and transported, and increase in
deposition of sediment.

Sediment movement within perennial streams
Banks along and immediately adjacent to the perennial stream showed consistent
evidence of soil creep towards the stream. A likely cause of this is that the underground
water movement is slowly moving sediment out on the banks by exfiltration. Stott et al.
(2001) showed similar results by having a greater mean erosion rate during post-harvest
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conditions within the treatment area and a lower mean erosion rate for controlled sites.
The results for mean rate of change in lateral bank position from the Booger Den study
loosely suggest a decrease in mean soil creep with increasing distance from the stream,
but more studies are needed to support this.
Stott et al. (2001) reported that pre-harvest conditions yielded a lower mean bank
erosion rate than post-harvest conditions, which is opposite of the findings in the current
study. Results from Booger Den showed a significant difference for the mean rate of
change in lateral bank position between time periods in which pre-harvest conditions had
deposition and post-harvest yielded erosion. Post-harvest erosion may be due to slight
freezing and thawing that were not documented, but occurred during the winter months,
which are primarily when data for the post-harvest conditions were collected. The
freezing and thawing of soil moisture reduces the soil strength and erosion resistance,
resulting in creeping or slumping due to the reduced cohesion of soil particles.
Sediment can enter the stream either through overland flow or bank collapse.
Results from in-stream tiles showed that changes in streambed elevation were not
affected by the percent of the drainage basin that was harvested. Similar monitoring
techniques were used with tiles, but sediment samples were taken off tiles and analyzed
(Pasternak and Brush 1998, Steedman and France 2000, Darke and Megonigal 2003).
The methods used in this study were chosen for the purpose of combining methods of
using in-stream ceramic tiles and measuring upland/lowland stakes. Results from Darke
and Megonigal (2003) showed a significant difference for sediment deposition between
two study marshes. In the Booger Den study in-stream tiles within the harvested
treatment were not significantly different from tiles within the unharvested treatment or
smaller percentages of the harvested treatment.
While larger sediment particles tend to drop out of suspension and settle to the
stream bottom (to be recorded on tiles), smaller particles can be carried in suspension
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with sufficient flow velocity. A study by Ensign and Mallin (2001) monitored the effects
of timber harvesting on stream water quality for two similar watersheds, one being a
control. Ensign and Mallin (2001) showed the harvested watershed had a significantly
higher mean TSS than the unharvested watershed during post-harvest conditions, and
showed no significant difference in TSS between the two watersheds for pre-harvest
conditions, indicating the change in mean TSS was due to harvesting. However, postharvest conditions included three months of data during harvesting operations in which
there were higher mean TSS amounts and overall lower amounts of TSS after harvesting
was completed. In the Booger Den study, post-harvest measurements of stream water in
the main confluence branch and harvested treatment branch had statistically similar
amounts of mean sediment concentration (0.15 g/L), and were significantly different
from the unharvested branch mean sediment concentration (0.036 g/L). Regardless of
treatment or location, concentrations of TSS in stream water exiting the entire watershed
were consistently around 0.15 g/L which suggests that TSS was not impacted by
harvesting activities in this study.
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CHAPTER VI
SUMMARY AND CONCLUSIONS

Significant differences for treatments, time periods, and distance from the road
were noted in total mean sediment concentration for wing ditches, with higher sediment
concentration values in the harvested treatment and post-harvest conditions. Wing ditches
showed a consistent trend of decreasing sediment concentrations with increasing distance
from the road, suggesting that wing ditches are effective in reducing surface runoff
erosive energy. Individual observation dates indicated that the total precipitation amount
correlated with the mean sediment concentrations. Wing ditches in the unharvested
treatment showed a significant decrease in sediment concentration after harvesting,
whereas wing ditches in the harvested treatment had a significant increase in sediment
concentration from pre-harvest to post-harvest conditions. The decrease in unharvested
and increase in harvested mean sediment concentrations during post-harvest conditions
indicate that timber harvesting has a direct effect on sediment concentrations and surface
runoff from forest roads and contribute to watershed-scale sediment movement.
The change in soil elevation in wing ditch transects varied between erosion and
deposition for treatments and time periods with significant differences for unharvested
treatment and pre-harvest conditions. Harvested treatment and pre-harvest wing ditch
stakes change in soil elevation resulted in overall deposition, and unharvested treatment
and post-harvest change in soil elevation resulted in overall erosion based on mean
change in soil elevation. However, there was a significant difference between transects
with values suggesting a gradual decrease in deposition and increase in erosion with
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increasing distance from the road. The mean change in soil elevation possibly suggests
that natural erosion occurs in both unharvested and harvested treatments, but during postharvest conditions, the harvested treatment resulted in deposition due to surface runoff
carrying increased amounts of soil particles, which is also supported by the mean
sediment concentrations from the wing ditch concentrated flow paths.
The mean rate of change in soil elevation resulted in erosion in all independent
variables for upland stakes. Significant differences were found between treatments, time
periods, and sub-watersheds within the upland areas. The harvested treatment and preharvest time period yielded greater amounts of erosion than the unharvested treatment
and post-harvest time period, and among sub-watersheds the greatest amount of erosion
occurred on a harvested sub-watershed and the sub-watershed with the least amount of
erosion occurred within the unharvested treatment. The impact of post-harvest conditions
on individual treatments resulted in a significant increase in the mean rate of change in
soil elevation for both treatments, supporting that erosion is a natural and ongoing
process within the upland areas of the watershed.
The mean rate of change in soil elevation resulted in unexpected erosion for
lowland stakes within the bottomland areas of the watershed. Significant differences
were found between time periods, transects, and sub-watersheds. Post-harvest conditions
consistently showed greater amounts of erosion for lowland stakes, among all
independent variables. However, the unharvested treatment produced more erosion than
the harvested treatment during post-harvest conditions, suggesting natural erosion within
the unharvested treatment and possibly indicating an increase in sediment transportation
from upland areas creating an increase in deposition in the lowland areas of the harvested
treatment.
A significant difference in the mean rate of change in soil elevation was found
between slopes for cross-sectional areas, with the high slope having less erosion than the
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low slope. A possible trend occurred in which the mean rate of change in soil elevation
for the cross-sectional area transects indicated an increase in erosion with increasing
distance from the upland area and decreasing distance from the lowland area, which
might be supported with a larger data base from future studies.
Measurements of change in lateral elevation for bank erosion pins yielded overall
deposition likely due to soil creeping. Significant differences were found between time
periods with deposition occurring during pre-harvest and erosion occurring during postharvest. This is thought to be due to post-harvest sampling of bank erosion pins over the
winter months. Therefore, future studies should be conducted with longer sampling
periods.
Changes in streambed elevation for in-stream tiles varied among treatments, tile
locations, stream branches, and collection dates, and no significant relationships were
found. The main confluence and east (harvested) branch ISCO locations had
significantly higher amounts of mean sediment concentrations than the west
(unharvested) branch ISCO location, which suggests that changes in suspended sediment
amounts within the perennial streams of the watershed could be impacted by timber
harvesting.
This study concludes that forest roads produce the greatest amount of sediment
concentrations, yet wing ditches sufficiently reduce surface runoff from entering the
watershed. In general, sediment movement within Booger Den watershed demonstrate
that the impacts of timber harvesting are similar to natural erosion processes, and
therefore have little impact on the stream water quality.
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